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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a projection optical system to obtain an 
extremely stable image forming property even when the system projects light, by 
specifying the radii of curvature and thicknesses of all single lens components existing 
within, a distance range from a second surface toward a first surface along the optical 
axis and the intervals among the lens components along the optical axis. 
SOLUTION: A projection optical system projects the image of the pattern formed on a 
first surface irradiated with ultraviolet rays upon a second surface. The distance 1 from 
the second surface to the surface of a lens, the maximum value yimmax of the 
distance from the optical axis to an area where a final or intermediate image is formed 
measured in the vertical direction, the radii of curvature (r) of all single lens 
components existing within 5yimmax-distance range from the second surface toward 
the first surface along the optical axis, and the thicknesses (d) of the lens components 
are set to meets the conditions of the expressions 1 and 2. In addition, the interval Bf 
between the surface of the lens of the nearest optical system to the second surface 
and the second surface along the optical axis is set to meet the condition of the 
expression 3. 
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fr;l«, ftH^©^il)*fflxSChAsr-#Si:%xen, 

o 

[0 0 7 7 ] *»8IJlcEH-raJRII*l8^Sfc«)t:tt, 



Ar( P ) = - 



wp 2 vW? 



Ar(p) = 



4A 
2A 



log 



2A 



(D 



log 



T-x ttTOlf (X:ryX) T*^;MbLT!ati£i£tf> 
H*r*#flJSSU>X (JSTF\ tgrinI/>Xj 

[ 0 0 7 8 ] feTF* ft^^^rrfc^rt^ftlBBB-rs. 
Uf^71] ST, I/>X^TOT-fe^ b>X 

IJS^^I^MCILTMT, dCDflJffiT-CDHJKaEfb 

BftfcLT, 
[0 0 7 9 ] 
[118] 



■I) 



<0sp 



(18) 



[0 0 8 0] T-atch^T-iSo ::t% at(*jbjk 

^{bM, wtt#ffiff«HD©«&*, Attffl»CD3fc£» 

X. 3 o 3 CD w fcfc U > XjE&^'N © Hg W Tfc © iWIi £ S Jt 
MtSttS^ Q*l«C6DU>XJ5!l^6DXit*CD«6 
HL d£l/>XCDJ53* a^U>XcD^o^iR^Sh^tl 

[ 0 0 8 1 ] 
[ft 1 9 ] 

[ 0 0 8 2 ] cDctaic^i-c: ttftis, ::t-, 

BtJRfififta k <i , BWSlBfiT? CD SftJR* S a s , BHWWtBT- CD 
MS D COSUR**^*: L fe t # . 
[ 0 0 8 3 ] 



[R2 0] 

d 

a ma s + -a £ (5) 

[0 0 8 4] T'i^*l5it-fe!), lffiifc&!)iC»»U 
&U>Xt?cD««fcsp*^-ro dft*{£-5 k, Milt u 

>x*/t^<z>SK±pa<± 

[0 0 8 5 ] 
[»2 1] 

(2a/rf)Q/ /? n 
4r(0) - L lS L ( to ^ + 2-) (20> 

[0 0 8 6 ] k&S. Cfte><K3S«DTT-«:, U>X|*)CD 
a*T*dfl5tt*«! JC*f L T SfiWI* h^So L fc # o T . 

jtJIHStfc: cfc 0 JB*f ^^ft u fe > XfiK#& ^ v r >v 
(radial) SgCDGRIN b >Xk Ut*iSCi:#t-S5o 
[0 0 8 7] 7 ^7;uSGRINU>XfiDJB*f*^tt. 
[0 0 8 8] 
[ft 2 2] 
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(21) 



[0 0 8 9 ] ht$n5, S;(18)T*, 0<p<R rad T- 
(±M«S^©T% WTOlitii, it(21)(cfe(tagW 



CD 2 IICD^S:^ x. 3 C i: tc T 2> o fi#J©-O<D{&mc0fi 

[0 0 9 0] 
[»2 3] 



•n a +— Ar(0)-«„ + 



47 



10 rfr I 4aJ 



47 2ttA 
<to (2W£)Q 



(22) 



[ 0 0 9 1 ] t*5o n 0 {£^Iftfiu©68«<Z)^#f 
m. dn/dTttH#f*<3DSK*{b«»T-»S« fc*>\ ^ v 
7 > ;i/SaGRINU>XoeW*ttB©JB*f*0,i:«EKcDJB 

[ 0 0 9 2 ] 
[«24] 

" ( - OCf " 7")> K - "2JV 10 rf (23) 

[0 0 9 3 ] tte&o ri,r 2 (il/>Xj5£^©HU 

momcDmm, d«ix>xj«#©jp*-e*5 0 set* 

[ 0 0 9 4 ] 



[R2 5] 



IK) /V (Kl 



(24) 



[ 0 0 9 5 ] fc5EfeU*tl£o (ffiffl,Ul#:}te^22(1993)9 
5-100£#!8O 

BU©ttffiT-©iRS»«t*ll^So fflkCD3#JR3l«»fcl:. 

[ 0 0 9 6 ] 
[126] 







** 

















(25) 

[0 0 9 7] 



[0 0 9 8] 

[ft 2 7] 



II k =hlh k A k +hlB k 

ill, =hlh h 2 A k +2h k h t B k + -^-f^-%) 

h k \n k n k } 

rv k = ui„+F k 

K = h k h k A k + 3H k % + M^y fPk 



(26) 



[ 0 0 9 9 ] k**5{ft#a«: U >X»tt&(#&ttl 



JR)pll5). 
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%rm2 001-23887 (P 2 0 0 1 - 2 3 8 8 7 A) 



Lagranjje* fiCfflStS a A - a A (Ofifi^l, « SI T? © ifi Hi EE* » © iK S # ] (3 



[0 10 0] [;*:ryX3] HH»*»#ieS&»^<Z>3 
&iRg«ft*±ffiX^*^2 i:H«fc LT*V)t>tiZ> 
i)K U>Z<DmMb& <z3. P. n©g£<fb& 

ffiT-*S»k+lffl^©*»©»frtt, ±H3iC (1 2) (D 
X o IZte&DK Ctlti^ ^TVUggGRIN 1/ >X(N 10 <0)<Z> 
»-&tt±lBSC (13) k&5 0 



[0 10 1] £ft£**i]fl!Lt\ ffijg0>U>X£GRIlMb 
L T % x. fc»^C0iRS«R**» 5 C k #T- g -5 ( fig BB , 
W^:^22(1993)95-100)o 

tl^o fe^b, &£ltt0l/>Xjffi#*GRINfbUfc« 
£\ €©^>X^*^««T-tt*BStf*Yb-rsfetf), 
*CDL/ VXj«»fc:<fcSJRS*»«[*H^Ste:tt, GRINib 
L fc U > XlS#£ » ft < ttGRIN U > X «t #) fefll fc ^ffi 

«£W&3R«>S^ k#M£ L^o 0>Jx.t±"ntfefiDU >XjsSg# 

*nS£ nfc - k iz j: si*saiR^S(3D^{b(i. 

[0102] 
[128] 



AS/1, -Vj(U-/,.) 



(27) 



[0103] T-3c«>e>tlSo 

[0 10 4] 3*JRH©^t?&<. fllffiST-iEtt 

* fr a c k t? # 66 6 n 3 a m a. m mmmm © - 

(a) , (b) Xtt (c) ftmvt^S. 



* (a) **»ra^©IIMfcaS3& J j8c:6ft^i:L/fcck : 
*^ic(iU>XaB©ISJKT-©iRJR^<fcS^Sft©a^, 

i/ >xstB#> tsia^oMoaaft ir#ft s fc » u 

• (b) u>X^fr#J9— k:linj»*ixsi: UtiBK»« 
■ (c) #»Wtt*%*LT^*oCfc : 9CRicS^« 

fro ps© 37 — ;u k (mytmm) cdb&&bx*$>^ s 
b ©?a<# t- ii mmmtt tmm t js ^ & » . u > x 

[0105] ZCDfclsb, ±HBX5r-/:7 4 ST-tC»e>ftfc 
IMLt^ff (a) ~ (c) *#e>kUPttLfcMIE* 

[0106]*ff (a) -ejfi-<fcjtel*»|ql©fi*»ff© 
»*CDffi«RkLTl/>X©JP$. Sfeft (b) tl^tb 

BT-©*ag©Jt, Ifeff (c) T-iE-<fe#«ll»»W&3b 

2fiT*i!lo&*GD£:flH\ & 1/ >X£fcfr©^#fGOl ^ 
t> 

[0107] 

[ft 2 9] 



2 

mux 



(28) 



[0108] t^om*. m^titzsummwi&izmit. 

[0109] 
[»3 0] 



l*L/IC 



(29) 



toiio] (Dmx'mm*ff*>z£b.Tz>, 



[0 111] U>XDX^©^¥iliiiKr.tth Lt(ii/>Xij)o 
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i: UT»W«cffi«*ii!i5«*NA<3D 2 AS* Lfc 

h § ©ffeffit- ©HHIJ £ £ £ X U CDUCD^^cM 4: 3 ViR^ 

[0 112] «e*©»W-**tJ:S*flRW©«W 

[0 113] [»K***A] RH»CD|U»ft«ffc%*-& 



is? 



i 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 



r(mni) 

-308.75983 
-299.49610 
401.10801 
-381.87751 
206.08142 
-949.77590 
179.36891 
113.82614 
184.48138 
121.01873 
-220.06535 
4153.10688 
-175.91508 
226.39448 
-132.74862 
-481.50046 
-252.40629 
-172.02313 
-801.04578 
-278.63314 
1077.38001 
-251.96330 
978.18083 
-1482.71750 
°o (3pjjS) 

372.11400 
-6379.77270 
229.40198 
419.32750 
153.72256 
106.22152 

-269.40608 
173.21856 

-128.07565 



d(mm) 
64.212918 
30.981532 

1.000000 
50.000000 

1.000000 
23.520418 

1.000000 
12.600000 

7.277077 
12.600000 
19.397581 
12.600000 

9.420436 
12.600000 
20.762619 
44.648317 

7.101122 
18.260330 

1.000000 
20.436281 

1.000000 
35.164173 

1.000000 
18.067714 
10.762117 
30.000000 
10.764481 
27.492313 

9.674197 
17.655958 
22.773420 
13.500000 
28.576786 
30.000000 
25.198633 
12.600000 



3.31nm)£jt^h UTfiEffl U *«6DNAtt0.6, f£§gfg* 
I* - l/4fg, 7 <i —)[/ Hit^r Xii25ram x 8. 8mm© jgff^T- fe 

»J4-r^TSi0 2 (a*f4E1.5603)T?ftS. 
A^L/VX^-^^OgfTcfilSra 1 JC»tf So jgfcltJ^ 
Tx ffi#-9tt»ft:n*e>»x.fcU>XB(0|IB#, rttl/ 
>XI©ffi**l, dtt^>Xffi©*ttt:»-3&HIIH* 

[0114] 
[SI] 



Si0 2 71.65 Gl 

Si0 2 74.56 G2 

Si0 2 73.30 G3 

Si0 2 67.21 G4 

Si0 2 61.48 G5 

Si0 2 57.63 G6 

Si0 2 61.16 G7 

Si0 2 82.38 G8 

Si0 2 87.50 G9 

Si0 2 97.97 G10 

Si0 2 105.66 Gil 

Si0 2 105.36 G12 

Si0 2 103.42 G13 

Si0 2 98.91 G14 

Si0 y 89.46 G15 



Si0 2 
Si0 2 
Si0 2 



74.57 G16 



67.01 G17 



69.99 G18 
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36 


: 974.51271 


21.087966 








37 


: -236.42447 


18.000000 


Si0 2 


79.42 


G19 


38 


: -205.74440 


1.000000 








39 


: -1386.91469 


60.000000 


SiO z 


96.64 


G20 


40 


: -237.78724 


1.000000 








BP85 : oo (if®) 


1.000000 








42 


: 816.97106 


20.000000 


Si0 2 


103.11 


G21 


43 


-12116.09997 


1.000000 








44 


498.52527 


60.000000 


Si0 2 


106.11 


G22 


45 


-408.15309 


21.280141 








46 


-197.12533 


15.000000 


Si0 2 


111.21 


G23 


47 


-358.81116 


1.000000 








48 


1185.68867 


34.683865 


Si0 2 


114.59 


G24 


49 


-305.18403 


1.000000 








50 


274.74374 


30.118442 


Si0 2 


108.70 


G25 


51 


-11658.16317 


1.000000 








52 


157.56044 


60.000000 


Si0 2 


95.02 


G26 


53 


922.95083 


9.565572 








54 


-958.43113 


45.000000 


Si0 2 


74.62 


G27 


55 


79.22876 


15.353550 








56. 


66.84823 


56.000000 


Si0 2 


45.57 


G28 


57: 


940.51530 


12.262042 










°° (¥ffl) 











[0115] 0 3 ttaie***A©*jRiit^"riaT» 
[oii6] mmizmTzgkfttvxits mmxcoMii 

SHJ#3*»CD0.6fi&, *[S±^6DfiHSlW/ciD2(«ffl±f*:«r- 
tt2.2W), «»a)»iR*0.001/ciD, u>xna©^Mic 

/dT=2. 2xio-5 K- 1 , m&mmi.wwr*- 1 m&m 



[0117] nm^mAizM^x [^f^i] ^6 

»A©3*HJRH^»**ia5 tiStSo SI 2 «C33«U 

[0 118] 
[«2] 
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&m2 0 0 1 -2 3 8 8 7 (P 2 0 0 1 - 2 3 8 8 7 A) 













u>x 


as id a 


U>X 


£ W) 


fi ^ Wl M / 




(run) 




(nil)} 


Q 


1 


27.28 


I 


46. 12 


20. 96 


2 


10.56 


2 


29. 92 


13. 60 


3 


36.48 


3 


25. 76 


11.71 


4 


51.50 


4 


57. 24 


26. 02 


5 


56.32 


5 


63. 07 


28. 67 


H 


44.87 


6 


96. 51 


43. 87 


7 


126.96 


7 


145. 59 


G 6 . 18 


S 


230. 43 


8 


149. 01 


67. 73 


9 


19.74 


9 


27. 08 


12. 31 


10 


8. 47 


10 


11.34 


5 | 5 


1 I 


0.43 


1 1 


31.51 


14 32 


12 


8. 98 


12 


52. 30 


23. 77 


13 


0. 51 


13 


1 1. 71 


5. 32 


14 


6.5C 


14 


10. 41 


4. 73 


15 


8. 12 


15 


1 0. 59 


4. 81 


16 


23.48 


16 


20. 97 


9. 53 


17 


. 3 12.63 


17 


27. 40 


1 2. 45 


18 


40. 61 


18 


1 . 76 


0. 80 


19 


0.75 


19 


7. 30 


3. 32 


20 


6.90 


20 


10. 35 


4. 70 


21 


3. 71 


21 


2.92 


1. 33 


22 


12- 39 


22 


1. 20 


0.55 


23 


0.04 


23 


27.06 


12. 3 


24 


10.01 


24 


33.87 


15.40 


25 


10. 83 


25 


50. 44 


22.93 


26 


207. 90 


26 


229.25 


104. 20 


27 


837. 19 


27 


404. 53 


183. S8 


28 


8071. 28 


28 


342.73 


165. 79 



[0 119] ^2 (D&mJ&Xfm 5 ft hWZfrteJi 5 IZ^ 

3 0 C co cfc 5 tc iRH^ft ic «fc £ %fbS A« jft S T- © ifg|t% 
0 200nm£jiSx. 5 «fc -5 & U Z 

$L£umic&t)Mmc^ <&ox u$a 0 o$tK c 

b>X^T-&£o 
[0 12 0] B] 



f »U>XjBR^tlBLTa;(29)©lii*s/J^ < 

**%«it mm utzu >z&#iSL&yt¥m b t- $> s D 

El 2 (4, S^*^^A(^U>XtM^t>'7 l c;^^:^^l2lT- 

ftl93.31nm)**SfcUT{£«U ffefflJcDNAJiO. 6, Si; 
<g*tt-l/4<g, 7 -r— ;b Klt-f Xtt25mmx8.8minOjem 
T'^^o Sfc, {£ffl1-£U>XftS<*28*fc, U>XCDffi 
»tt-r^TSi0 2 (IB*f*1.5603)T-ftSo «3 fcJSK:** 

[0121] 
[S3] 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 



r(mm) 

300.89795 
226.46683 
346.35897 
-358.15162 
176.76694 
-1715.74378 
164.13426 
103.97013 
189.63221 
108.76494 
-857.80502 
159.87783 
-186.14089 



d(mm) 

100.487417 
12.600000 

5.157702 
22.537263 

1.000000 
24.113785 

1.000000 
14.947329 
16.525786 
12.600000 
28.158835 
13.750064 
29.428581 
13.650719 



Si0 2 74.42 Gl 



SiOv 75.15 G2 



SiO, 74.51 G3 



SiO, 68.61 G4 



Si0 2 60.72 G5 



SiO, 56.06 G6 



SiO, 64.08 G7 
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14 


: 258.91979 


26.956145 








15 


: -102.82764 


14.479261 


SiO, 


80.44 


G8 


16 


: -386.08076 


13.114922 








17 


: -204.61692 


20.623528 


Si0 2 


90.77 


G9 


18 


: -144.44463 


1.000000 








19 


: -1106.16553 


36.079048 


Si0 2 


112.01 


G10 


20 


: -193.30288 


1.000000 








21 


: 1280.20913 


38.741668 


Si0 2 


126.69 


Gil 


22 


: -314.67668 


1.000000 








23 


: 305.01880 


40.739967 


Si0 2 


128.72 


G12 


24 


: -1275.68363 


1.000000 








25 


: 206.80059 


28.925676 


SiO z 


116.87 


G13 


26 


: 404.20477 


5.866866 








27 


140.50535 


19.589154 


Si0 2 


99.66 


G14 


28 


117.88119 


21.942547 








29 


154.77067 


19.321593 


Si0 2 


84.87 


G15 


30 


115.82184 


30.593078 








31 


-401.73775 


12.600000 


Si0 2 


74.45 


G16 


32 


146.75863 


29.570669 








33 


-160.35133 


12.600000 


Si0 2 


75.82 


G17 


34 


406.00536 


26.749073 








35 


-703.13143 


18.112121 


Si0 2 


86.28 


G18 


36 


-270.09200 


8.075382 










V) OO (5pH) 


1.000000 








38 


813.80755 


25.212520 


Si0 2 


96.20 


G19 


39 


-334.72362 


1.000000 








40 


336.79725 


31.379965 


Si0 2 


98.68 


G20 


41 


-397.82586 


1.008986 








42 


-493.49368 


18.000000 


Si0 2 


97.69 


G21 


43 


-323.83678 


29.451514 








44 


-192.42809 


15.000000 


Si0 2 


95.91 


G22 


45 


-902.30167 


1.000000 








46 


314.31996 


34.221146 


Si0 2 


97.72 


G23 


47 


-364.53663 


8.505778 








48 


158.22176 


34.814651 


Si0 2 


86.83 


G24 


49 


789.29655 


3.226335 








50: 


135.74145 


23.912140 


Si0 2 


71.82 


G25 


51: 


361.44221 


14.459856 








52: 


-562.06092 


24.000000 


Si0 2 


59.81 


G26 


53: 


347.00571 


14.247686 








54: 


535.78038 


20.000000 


Si0 2 


40.46 


G27 


55: 


oo (ipifj) 


4.921244 








56: 


oo (spfffl) 


10.000000 


Si0 2 


29.46 


G28 


57: 


oo (iprffl) 


10.000000 








mm 


oo (^plfti) 











[0 12 2] m4ic®&-y6-¥&Bomw&mzmT<, UK 
t <o m u -k'n-otz m m £ , is '& u > x a ic n -r s m t isj 



iffi L & ## U > Xfl&0®&i&f JR£Kft& £ Eln-s L * CD 



- 15 - 
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[0 12 3] SI2<Z>£«fr&W&#fccfcdfc, 

mx- tt*flait us t mm t*gft*8i!»* , l .b l t o a 

uvXtiSaEL&^o St (29) cDfUMtf 

flfeffl-T?CD«a^aSJRlW^?}K:tjl»UT200iiiD (££tC/h£ 

[0124] JRSS*«f«4MW*0SftKfc:Jt«-r 

<0^c:t-u>Xja^T-fc5fcJHW*o5SlKo±IStt3&s 
«tf>e>*lSCi:tc«t!K #*»Bi:LT#»fc:|f ¥»J tc & 

[0 12 5] i^^miC^X, *S&JRiS*»tt 
«f tC © ft ffi 3£<g CD I- > X/&# tC *5 C > T #g£ L ^ f 

C^o a£l%fi£0J B) t?tt, »H3E 

ft CO U > X j£ # iC o t, \ T . U>XJKtt*¥BiCie^»T 
\y >Xj«dOWfflOJR3i«ft©**'J^ <t^th^) 
u>xj5R^*»< utu>xj«#i*rc©fiftA7* 

*»B-ett, &(xn«®£*ftt£* t> oaas u >x»At 

Jt« LTvMi fc BHU * » 6 -T - i: 0 s T # S o £ 

[0 12 6] K j£ ^ ^ ^ AC0 FS|t ^ i/j M 0 ^ ^ 

frfctojfcScfcdfc* ft ffi MS© U > X/sWfrtt l/>XI^ 

w»*»©'h**a*****««--rai»fc:tt, -com 
isoajcaft^tEx-pcfc^aat-feoas lo g s£(6) 

ft CD (± ( I 1 ; ) (Dffift t d,H s i/R BS (& W^T- * S o 
[0 12 7] gg^(Cg| LTIi^ U>Xj£#6DiBffi(Z>ffl* 
£'h£< LT¥Si:fifW^3 £ti*fitfoT'$>'2>o U>X 

CD GR I Mb t J; S iRH^m© «ift*Wi«Ci:#-eS 
So ISIikLTIt U>XlS7->©nioM^6DAMftOD^ 

m*\t LfeiiS, |r|>31fiJKfcr*i««fc^ 0 
[0 12 8] Sfc, a#CD«*/hS<'r5&«>fc:ttl/> 

(4, (&Bflfif»©u>Xjffi^#¥Biifc:3iC^»'&, 6> 



^<&S G ^CT\ U>X©JP2£d. 4feffi#£>U>X 
cDf*fljoDBSST-cDISffll*li: Ufehl, d<1.21gJKk:-r 
s^ktffii loo 

[0 12 9] m l*JS«fc:*5^Ttt, fflWi: LTr£T<Z> 
U>XfiK»tco^T5^^^(SiO z )*^ffl Life* 5 , 58 

IhLtin, SC(22)«CiSLfc £d 
[0 13 0] 
[»3 1] 



(30) 



[0 13 1] hl^MM^fiflrb^Jt" So b>X^c^(Djp 
/J^^fctt, Wfc:flHW«tt*#*L&»W-*fi 1 t>«c<T 



b >XjGfc#©»£-c D =3. 14 x 10-6(W- l ))^©S(30)(7)fe 
#*ft*ttft*o»^|cttflRWK»*%*Lfc»ffl-*L 
SR^^AOcfcat^S^BBItXift^jeci t) 

[0 13 2] (^2^M^J) 0 7i4. S2H8E«fc:^^ 

J5Rtt±fB35 1 ^ffi^i k H«tf ft S ^WWSESP K 
ITl^MlLtl^o B7m P>X^G21 
3^6^^NfflST'©SH^»LTHeO)^«JW^Jfi$n 
t^So C0DV>Xj5E^<Z>g^cffeig«413.3nunT-fet)^ U 
>XfiK^62lCD»lMfre) — £T w (D£ggfl^265.8mm 

T^fe D . G2mT<Z) b >Xj5R##20Ymax©J6BlCAoT 

^its Gzi^^^^-^ffl^Ttc^s-rs b>x 
u >x^i^ u >xp*3T?«5t L&^As^H^tcatf -?>-r 

^©«g«, U>Xj5K^CDa«±#«#'i>3&:<3&: 

[0 13 3] (^3HS£^J) 0 8ii^3|ISEfWlc^^S 

tCcfc t) l/>X^G21*?)G28iT-CD^t:J*LTN2(3!)as 

U>Xl*|(D#HM*»3fe-r«tllk LTilLT^So L 
T , ±H'd^ 2 ^Mi^J h PI » IZ U > X^C7->G2 1 6 G28^ t 
SfeS U>Xj5K^i:3!:Hfti:©M©«tei8**s i a< 
C B8St t «fc o T U > Xil^l/ >XfilT'M L 

fc»##H»fc:atf J ?>-r< ^S©-C\ u >X©iBJK±» 

So 

[(B) ^!S«ic J: Sifflrr^cD^bcD^^ %® L'ffi*TCD 

mm& t i a r jb * jinti Lfejgi§r] 
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ffltS^hlit'^di^c ^-T% ±fi3[A]T**»fcJB 
mt iz «t £ !ffil*£lb lc in x. t , f&J&SS ic a s BHttg 

t ct a ffitt KKr (* ±f B [ a ] © § t. m$ m i: * Ml t- * » 

IT, 

[S3 2] 

a, -dl/(t dT) 

r' =(1 + a,A7(0))r, d' - (1 + a, AT(0)>i {3D 



JP£> ffi^£^b£-£5o 
[7f^l'] ±ffi[ A]©SC(20)T?*»& U >X4"l> 



[0 13 4] 



[0135] fc:«fb-rai:#*6nso 

ss ft m - > x * r± { i -r £ » ^ a s *a t a a -r a ^ § co 
mm ) * 

[0136] 
[«3 3] 

Ad ai , = -0^7(0)^ (32) 

[0 13 7] £tt^{b£#£Ch£-rSo 

[0138] ^f 1 ^ ^2JWBt:ot^T0^IBtt±ia[A] 



[0139] 
[134] 

^•-^(AM) 3 ^/^-/,) (33) 



[0 14 0] fcUTJKIt£»«3&SjR«>6ftSo 
[0141] MHftWlctt, "iRII*»«ttJH*f**<blcJ: 

[0142] 
[135] 
d a 



5 
R 



h/h : 



FL/H 

m;i» 



(34) 



[0 14 3] hO?JfcT-JKM^»jK£!¥«T-§£. 

[0 14 4] #JIMt©l&»*%*LfcVVT?t!e#CD 

[0 14 5] [taB53fc**C]»i5*gt*Ctt, 

v * ic % n * t t is i+ s n fc is b it & % r- $> z „ m 9 

¥k&±¥& C ©ft«{±, F z U — If ( Si-M 157. 6nm)£ ftli 

P* 



* 2 A 



i+ A /i-(i+'c)p 2 A 2 



[0 14 7] T"§S£*l-5„ c:t\ pte^ffllfr^fflffi 
feSo LT, ATfflfKi-r^TOr-feSo 5t(25) 

AfcfiJz^T. 

[0 14 8] 
tf 3 7] 



fcLTftfflU f£ffi©NA(i0.75, JSiSfg^ii - l/4{g, 
h--y--rX(i25mmx6.6mra©Jgffi*T-feS, ffiffll" 

[0146] 
[13 6] 



+ Ap* + Bp 6 + Cp 8 + Dp m (35) 

*-(«'-«)(p- + 8L4) (6) 

[0 14 9] tm-ZZo »«3fc**C<4SWffl*f 

(C ■)t$lllA^4~10.6nini®^^?:ffiffl1"-5= tlT©§g4 
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*>\ WT*T©*JS0d©#aBBf s -^«fc*S«-S«j£«lll [0 15 0] 

fcfcffi#^S:i5*U #l$fifltftip<Z> r E— nj fct r x 1 0 [g4] 



[fif*-^ r(mm) 


d(ram) 






ftftffi : oo (3pB) 


48.716588 








1 


: -902.32425 


21.200000 


CaF 2 


83.78 


Gl 


2 


: 972.38615 


2.000000 








3 


: 939.84090 


28.000000 


CaF 2 


88.48 


G2 


4 


: -4.4558E+06 


70.100000 








5 


: 494.67313 


60.000000 


CaF 2 


112.56 


G3 


6 


: -501.42562 


620.932689 








7 


-213.07325 


27.000000 


CaF 2 


129.99 


G4 


8 


3980.51678 


33.372907 








9 


-295.29470 


-33.372907 






10 


3980.51678 


-27.000000 


CaF 2 


129.99 


(G4) 


11 


-213.07325 


-620.932689 








12 


-501.42562 


-60.000000 


CaF 2 


112.56 


(G3) 


13 


494.67313 


-8.600000 








14 


oo (¥05) 


410.000000 






15 


oo (*F0S) 


-91.300195 






16 


-1366.53095 


-38.000000 


CaF 2 


134.40 


G5 


17 


765.06874 


-296.216610 








18 


895.13557 


-44.000000 


CaF 2 


125.63 


G6 


19 


586.42208 


-10.351339 








20. 


-195.92152 


-54.000000 


CaF 2 


123.69 


G7 


21: 


1201.07800 


-0.100000 








00 (¥1) 


-6.102736 








23: 


1291.12530 


-24.000000 


CaF 2 


120.57 


G8 


24: 


-439.19170 


-55.806043 








25: 


-141.31398 


-54.000000 


CaF 2 


107.14 


G9 


26: 


-554.75457 


-3.065662 








27: 


-435.69376 


-38.837466 


CaF 2 


97.23 


G10 


28: 


-201.60462 


-0.100000 








29: 


-109.45667 


-32.000000 


CaF 2 


74.69 


Gil 


30: 


-444.87553 


-5.376816 








31: 


-166.66667 


-60.000000 


CaF 2 


61.85 


G12 


32: 


1276.38962 


-11.648728 








ifeK: oo (if Hj) 





















1: 


A=-0.214159E-07 


B=-0.663891E-13 


C=-0.620086E-18 


D=0.646360E-22 


6: 


A=0.292086E-09 


B=0.608884E-13 


O0.189576E-18 


D=0.248986E-23 


7: 


A=0.114683E-07 


B-0.234055E-12 


C=0.197396E-17 


D=0.115657E-21 


11: 


A=0. 114683E-07 


B=0.234055E-12 


C=0.197396E-17 


D=0. 115657E-21 


12: 


A-0.292086E-09 


B=0.608884E-13 


C=0. 189576E-18 


D=0.248986E-23 


17: 


A=-0.149953E-08 


B=0.272877E-13 


O0.120921E-18 


D=0.975385E-23 


19: 


A— 0.195275E-08 


B-0.193308E-12 


C=-0. 105482E-17 


D=-0.225116E-21 


21: 


A=-0.150856E-07 


B=-0.346364E-12 


O0.204337E-16 


D=-0.335479E-21 


26: 


A-0.398984E-08 


B=0.842883E-12 


C=-0.280888E-16 


D=-0.206482E-21 


28: 


A=-0.858225E-08 


B=0.294569E-12 


C=-0. 184345E-15 


D=-0. 578509E-19 


30: 


A=-0.207889E-06 


B=-0.614138E-11 


C=0.485860E-16 


D=0. 346356E-19 
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32: A=-0.272031E-08 B=0. 384574E-1 1 C=-0. 803667E-15 D=-0. 225387E-17 



[0 15 1] »»*¥*CCD«JR3lia*Hl lfc^-To 

[0 15 2] JHSttHf *&f*fcUTli, »HW*©NA« 
»»b>X©0.6fg, ftrS±T^FSfi0.1W/cm 2 (ftffi±f* 
T-(i0.165W), SH«-©iaJR#0.005/cm, l/>Xg|®cD^ 

SCdn/dT=3.0xl0- 6 K- 1 ,|»e3i^9.7WiD- 1 K- , ,«SK?g^2. 

u>x^ id a <iajrf^ <w$) 
gft> 



i 

2 
3 
4 

5 
S 

r 

8 
9 

10 

11 

12 



4.84 

S. 21 
5.7Z 
1.09 
1.4S 

o. no 

0.45 
0-04 
0.33 
0.5S 
3.76 
421. M 



2.32 

1. 79 
3. 74 
0. 73 
0.44 
0.00 
0.30 
0.05 
1.74 
0.59 

2. 33 
377. 23 



2. 52 
6.42 
1.97 
1.82 
1.92 
0.01 
0. 75 
0.02 
2.08 
0. II 
1.44 
43. 91 



[0 15 5] CO* U>Xj*#£o^ 



% c cd «t 3 ft* s ^irh^kj £i@ c <* & i> «*. o izmm b 



JBIKiR^iiES^f^^CDS.ZxlO^K-'iiJt^a 

s ^ fe #> , &k M ic «fc a a a # ± t ^ - 1 # ^ sa * n 

o 

[0 15 3] »K*?«CtBLT, ±ta*JRT?»ffiiR 



[0154] 
[85] 

i/>x« ft ft (js^t^ 



I 

2 
3 
4 
5 
6 
7 
8 
9 

10 

It 

L 2 
13 



(u) 
7.73 
1.84 
0.24 
0.86 
1.61 
0.01 
0.07 

0. 38 

1. 13 

2. 62 
6. 13 
15, 31 
II. 88 



0.55 



so 

51 
57 
73 
00 

13 
71 
69 
39 
21.71 
5. 07 



7. 18 

0.55 
2.76 
1.44 
2.S4 
0.02 
0. 39 
0. 25 
0.41 
2.07 
0.73 
0.40 
17.85 



Q (run) 
46.85 
.11.15 
1.45 
5.21 
9.76 
0.06 

n.42 

2.30 
6.85 
15.88 
37. 15 
32. 79 
72.00 



F 2 U— tf(«S157.6nm)**«i: LT^ffl U fifefilONA 
(40.75, a»«*tt-l/4e, 7-f-;i/K*-f Xtt25nmx 

&o &«u ans**»Dft*«-rau>xj«»ttaiB 

CJ:H 1«C# VM3*fc( C <Z> -5 *> 1 ltfctt#Sffi)T? 
U>Xj«^05«»tt-r^TCaF 2 (JB*f*1.56)t?» 
£o g-fc. aK^WDCDUyX^-^ffCDIfTcfllftS 

a«***CCD»^fcHi;T**»). CCT-*>c<D«ttt1- 
^T0T"£>£ o 

[0156] 

[S6] 





r(nun) 


d(mm) 


BBS U>X^@(mm) 




50.201211 




1 


-605.25116 


21.200000 


CaF 2 81.93 Gl 


2 


-276.89370 


3.396443 




3 


-315.02548 


28.000000 


CaF 2 88.72 G2 


4 


-14082.96583 


70.100000 




5 


558.03330 


44.000000 


CaFj, 111.67 G3 


6 


-451.41879 


630.367092 




7 


-198.60978 


27.000000 


> CaF 2 132.46 G4 


8 


-10660.50735 


33.509385 




9 


-297.62817 


-33.509385 


(SUMS) 


10 


-10660.50735 


-27.000000 


CaF;, 132.46 (G4) 


11 


-198.60978 


-630.367092 
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12 


: -451.41879 


-44.000000 


CaF 2 


111.67 (G3) 


13 


: 558.03330 


-8.600000 








14 


: °o (¥W 


410.000000 






15 


: oo 


-102.156386 






16 


8352.72256 


-38.000000 


CaF 2 


135.00 


G5 


17 


479.60692 


-314.606963 








18 


4887.61524 


-44.000000 


CaF 2 


130.32 


G6 


19 


497.51522 


-15.028411 








STO 


oo (¥SS) 


-0.101334 








21 


-219.21488 


-54.000000 


CaF 2 


123.78 


G7 


22 


948.39033 


-14.571726 








23 


805.91162 


-24.000000 


CaF 2 


117.88 


G8 


24 


-841.39903 


-33.236117 








25 


-143.82988 


-40.000000 


CaF 2 


102.75 


G9 


26 


-451.10387 


-6.553823 








27 


-438.46804 


-39.515334 


CaF 2 


94.77 


G10 


28 


1805.86227 


-8.112353 








29 


-258.01179 


-28.669495 


CaF 2 


71.03 


Gil 


30 


-273.05607 


-7.775164 








31 


-150.32113 


-25.000000 


CaF 2 


51.37 


G12 


32 


oo (jpffi) 


-3.149370 








33 


-3021.15486 


-10.000000 


CaF 2 


38.11 


G13 


34. 


oo (¥H) 


-10.000000 








mm 


: oo (spa) 


0.000000 



















1: 


A=-0.211553E-07 


B=-0. 100996E-13 


C=-0.355437E-17 


D= 


0.463473E-21 


6: 


A=0.454322E-09 


B=0.630510E-13 


C=0.479038E-18 


D= 


-0.277738E-24 


7: 


A=0.937661E-08 


B=0.234086E-12 


O0.256411E-17 


D= 


0.198402E-21 


11: 


A=0.937661E-08 


B=0.234086E-12 


C-0.256411E-17 


D= 


0.198402E-21 


12: 


A=0.454322E-09 


B=0.630510E-13 


C=0.479038E-18 


D= 


-0.277738E-24 


17: 


A=-0.476242E-08 


B=0.458509E-13 


C=0.522751E-18 


D= 


0.804209E-23 


19: 


A=-0.120869E-08 


B=0.615670E-13 


O0.114607E-17 


D= 


-0.194528E-21 


22: 


A=-0. 181140E-07 


B=-0.168833E-12 


C=0. 107771E-17 


D= 


0.140904E-21 


24: 


A=0. 601415E-08 


B=0.186733E-12 


C=0.107098E-16 


D= 


-.828175E-21 


26: 


A-0.478425E-08 


B-0.490644E-12 


C=-0.543931E-18 D= 


-0.761183E-21 


28: 


A=-0.453161E-07 


B=-0.192148E-11 


C=0.122436E-15 


D= 


-0.543892E-21 


30: 


A=-0. 133589E-06 


B=0. 173508E-10 


O-0.153242E-14 


D= 


0.131086E-18 


31: 


A=-0.598282E-07 


B=0.256984E-10 


C=0.755816E-15 


D= 


0.185573E-18 



[0 15 8] Sfc, HBJItiCB-rsifeffiaR^RCCD [0 16 0] u >X/8#0*MRIIfc: J: tc A 

js (i ic oi-^cd it n £ ff ^> £ us asg6cr>£fliic^ ^ t * g & jr 2i ti m # & i; a t > *a isi # *> & . * c t% 35 

[0159)85 frfi>t>frh£ o Cv «K**3RDfc:tt cfc D . KKPWOlBJfettffi* ft *»**3*»Ctcli;*c 
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£o ±!BCDBHBtt7 yx-y3 > ■ =(>/^>>3 

> ©M £ H« £ «-&T- * © S S iiffl T- 1 5 © 

[0 16 1] £fc, *^JE«IlC**sa»*¥^DCDfig 
*Ttt-r^T#5(CaF 2 )S:ffiffl LTl^o CaF z te?g 1 

(Wfc zm&it^m b tc * mm l & sio 2 h tm u 

&t?**sftiR*st»ssi*jecr muzz Lxmmm 
m<t<D&9r*&0s a(30)tj:T3-ra»fc«ts*S3S:jR 

^ffTT-J¥£40mmC7)CaF 2 f£> u >X<Z)»£-S;(30)GDffi<£c o 
=3.09xlO-7(W- 1 )tr* t). SiO z O»^<t *ff/h$ 

H^iftfSfr^x.T, c ffl ©ttAsCaF z O»^<t D^6t- 

[0162] fc*5, *nt&mic#^xi*tpr$$t<DM&>\\ 

[0 16 3] S3fe..fie*0)ttll5-e±ifiL&«t3fc:. HH« 
*ttk:»"rs5** $ «fk:jlSL< «coTgfc©tt, 
20 OnmW TOlM^ffl^T, g ft » * 200nm W T 

3 So CCDfetf), 200nm«TCD8# 

it £ JB ^ fc *5 V>T «f £ Wfcfc £ 

So 

[0164] (Sg 5 SI 1 5 It, ±IB**KM£ 

S«*K#KS©«i6«j«*5* 
fElT-fe^o «c*>\ Ell 5£*>^T, 

am ic sis ic yw * ta^ iti^o 

[0 16 5] H^aiglgSrtftttfct* 
*ttl&-rs&«)C!)*«i: LT, fck*ttF z l/— tf (« 

15 7. 6nm) idfiUT^So *»1*5> 
WtUSn&*tt, !iP/tt^2^^Lt, »r£<Z>'<*- 

[0 16 6] Ml^^»im2ST'©-ffl 

u-y#©ftgft«icta«8*^^ 



^^f-f *;i/-f U — vx^ 3±T*©JHBHB 

[0 16 7] ?X^3lt 77^^^'4^:/rLT, ^ 
X^X^-v 5 ±£*5(^TX Y^MlZ^ffiZU^tlX 
^5. vx£ 3 tttfi^f ^S^^ — V^JB^nT* 
D x ^ * - > o%Y*|p|Jci&oT * * U 

jaox*iRit:j&oT«a**-raje«5tt (xu^htt) 
cd/^— >fB«*sfflw*tt5« ^x^x^-^5ii. m 

B&ffiSfcfc V X ^ &Htfg 6 * ffl ^ & ^F^lt 7 IZ J: o T It S'J 
[0 16 8] -y-X^ 3 JCflgricStlfc^^ — 

9(i, Ox^^il/y 1 O^^LT, ^x^Xf-y 1 1 

die, «j7 3i/N 9±T-ttY*lpHC»o-CSj2**UjaoX 

s fsj t » o t m % m -r § ^ « cd s it m 4t «c ^ ^ - > 

[0169] ^^X^-v 5 1 1 El7rN*#BSLfclE 

nm<Dftm£&*)&*^m (t4t»%xY¥B) 

ittl 2^ffic>fe^F?$ff 1 3icJ:oTftS'J^tijaoeg 

[0170] 1 tpt>0=-K 9 ST'CD^K©^: 

f* (c s -3 t S X ^ - U ^ A # x k © ^ rg 14 ^ x W jm 
$ti. 8**3& s (^i:^i^laiR$^^sc:k©3&^^#Hft* s 

[0171] ±ifiufc«fc-5lc, »**^*8JC«t-3T» 

9±©JS^M±^ (8^««) tt. X*lRUC»oTSiZZ* 
St5»ttt$)5o t£oT, ffiUft^Srf^^itf (7, 
1 3) S^fflM?^? 3^Z>' r >3i^N 9 ©SilfliHjSffJ^ 

ff t^* 5 6 , mwvMitmmRwmm&cDmmyjm 

r^ti^XyjfnjiC^oT^X^X^-^ 5h r >x/N7,r 
-yl US, rM^Ttt^X* 3 k^Ji/N 9 kSPIITO 

[0 17 2] r )x;\J:©lo0y 3 ^ 
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h v 7 >? >\9 - > ft * -ft W ic $fv^ L & & tc , J9 
-nOD S^P# £ v 7s >7 £ V x ^ i: * KRft^ £ *f UTS 

Z>^tte<, £:n^±CDcfc (5J£l^3 y h 

[0173] ±«0&*aB«-e(d\ 

?t5l*«B, 8ffeX? (CCD^W 

e> n s s*^ ■ & ir ic * *« w * -r s ci i: # r- s 

[0 17 4] fcfc, *»Wtt±ifi©fafi©JB«JCIHS*" 
[0175] 

*B8lt C <t 5 iRH^if/OD >h £ ftfiK^g^ 4 f# £ c fc # 
S*SSB£j;ixK> R*^©*MHltlc J:5^»*s/h$ ^ 

[Hffl0lB#fcKE] 

[HI] jaH5***A©l/>X«j«i:*BS**'rH-Cft 

So 



[13] «H5***A©«jRiita-rjRaBiTfta« 

[114] »«3te**BO«JR**a'rJK^HT-**. 

[0 6] »«5**»Blc*5JtS*l/>Xja^ri:0»ffi 
[0 7] S2*iWfc:fr*sa»*¥IR©lfia*StBI 

las] *3^«t*frsa****cD#t«ft*"ria 

[0 9] S^^^^CcDW>Xf^h7 , Dg§^^-r0T^ 

<5 o 

[HI 0] gg*?ID (m4 5&860>J) ©U>X$?fi5ci: 

[HI 1] »*?#^C©«JR£*air]K£B-C-fc3. 
[012] SK*^^D©«]RHS:^-riRIIHT-feSo 

[014] a«***Dt:*»*#u>Xfi8^c:i:<oa 
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